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MAGNETORES ISTANCE EFFECT ELEMENT , MAGNETIC 
HEAD AND MAGNETIC REPRODUCING SYSTEM 

Cross Reference to Related Application 
5 This application is based upon and claims the benefit 

of priority from the prior Japanese Patent Applications No. 
2000-301118, filed on September 29, 2000; the entire contents 
of which are incorporated herein by reference. 

10 BAC KGROUND OF THE I NVE NTIO N 

Fi e l d of T h e I nve ntio n 

The present invention generally relates to a 
magnetoresistance effect element, a magnetic head and a magnetic 
reproducing system. More specifically, the invention relates 

15 to a magnetoresistance effect element for causing a sense current 
to flow in a direction perpendicular to the plane of the element 
to detect an external magnetic field, a magnetic head using the 
same, and a magnetic reproducing system using the same. 
Description of Related Art 

20 Conventionally, the readout of magnetic information 

recorded in a magnetic recording medium has been carried out 
by a method for relatively moving a reproducing magnetic head 
having a coil with respect to the recording medium to generate 
an electromagnetic induction to detect a voltage which is induced 

25 in the coil by the electromagnetic induction. On the other hand, 
an electromagnetic effect element (which will be hereinafter 
referred to as an "MR element") has been developed. The 
electromagnetic effect element is being used for a magnetic 
sensor, and mounted on a magnetic head (which will be hereinafter 

30 referred to as an MR head) for use in a magnetic reproducing 
system, such as a hard disk drive. 

In recent years, the size of a magnetic recording medium 
is decreasing, and the capacity thereof is increasing, so that 
the relative velocity of a reproducing magnetic head to the 

35 magnetic recording medium is decreasing during the readout of 
magnetic information. For that reason, it is required to 
provide an MR head capable of taking out a large output even 
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if the relative velocity is small. 

According to such a request, it has been reported that 
a multilayer film, such as Fe/Cr or Fe/Cu, wherein ferromagnetic 
metal films and magnetic metal films are alternately stacked 
5 on certain conditions, i.e., a so-called "artificial lattice 
film" , has a giant magnetoresistance effect (see Phys • Rev. Lett. 
61 2474 (1988) , Phys. Rev. Lett. 64 2304 (1990) ) . However, since 
magnetization is saturated in the artificial lattice film, a 
required magnetic field is high therein, so that the artificial 
10 lattice film is not suitable for the material of a film for an 
MR head. 

On the other hand, there has been reported an example where 
O a large magnetoresistance effect was realized even if a 

ferromagnetic layer is not antiferromagnetically connected in 
ffl 15 a multilayer film having a sandwich structure of ferromagnetic 

T2 layer /non-magnetic layer/ ferromagnetic layer. That is, a 

%| magnetic field due to exchange bias is applied to one of two 

ferromagnetic layers, which sandwich a non-magnetic layer 
□ therebetween, to fix magnetization, and the magnetization of 

!jf 20 the other ferromagnetic layer is inverted by an external magnetic 

j* field (a magnetic field due to signal or the like). Thus, by 

p changing the relative angle between the magnetizing directions 

of the two ferromagnetic layers which sandwich the non-magnetic 
layer therebetween, a large magnetoresistance effect is 
25 obtained. A multilayer film of such a type is called a 
"spin- valve" (see Phys. Rev. B 45 806 (1992), J. Appl. Phys. 
69 4774 (1981)). Since the spin-valve can saturate 
magnetization in a low magnetic field, the spin-valve is suitable 
for MR heads. However, since the rate of change in magnetic 
30 resistance of elements which have been already put to practical 
use is only about 20 % at the maximum, it is required to improve 
the rate of change in magnetic resistance. 

By the way, most of conventional MR elements have a type 
wherein a sense current is caused to flow in a direction parallel 
35 to the plane of an MR film constituting the MR element. This 
is called "CIP (current in plane)". On the other hand, there 
is an MR element wherein a sense current is caused to flow in 
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a direction perpendicular to the plane of an MR film. This is 
called "CPP (current perpendicular to plane)" • It has been 
reported that CPP can obtain a rate of change in magnetic 
resistance ten times as large as that of CIP (J. Phys. Condens. 
5 Matter. 11 5717 (1999)), and it is not impossible to obtain a 
rate of change of 100 %. 

However, if a sense current is caused to flow in a 
direction perpendicular to the plane of the MR film, there is 
a problem in that the electric resistance is very small, so that 

10 the output decreases. Therefore, it has been attempted to 
decrease the area itself of the MR film to raise the value of 
resistance to increase the output (Phys. Rev. Lett. 70 3343 
(1993) ) . However, in the method for decreasing the area itself 
of the MR film, it is limited to cause the MR film to be a single 

15 magnetic domain. 

In addition, if a sense current is caused to flow in a 
direction perpendicular to the plane of the MR film, an annular 
magnetic field due to current is generated in the plane of the 
MR film. This annular magnetic field causes to prevent a 

20 magnetization free layer, in which magnetization rotates with 
respect to the magnetic field due to signal, from being a single 
magnetic domain. 

On the other hand, most of conventional MR heads have a 
"shielded" construction wherein an MR film is sandwiched between 

25 shields. In the case of the shielded construction, a floating 
magnetic field from a magnetic recording medium is directly 
detected by a spin- valve. However, in recent years, the 
recording density is further enhanced, so that a "yoke type" 
head for efficiently incorporating a magnetic flux from a 

30 magnetic recording medium into a magnetization free layer of 
a spin-valve via a magnetic flux guide (yoke) once has been 
proposed. 

However, after the inventor ' s study, it was revealed that, 
in many magnetic heads represented by yoke type magnetic heads , 
35 it is required to define an active region, in which the detection 
of magnetism of an MR film is carried out, for various reasons. 

As an example of this circumstance, a "planar type" head 
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of yoke type heads will be described below. 

FIG. 31 is a schematic perspective view showing the 
construction of a principal part of a planar type head. That 
is , the planar type head has a construction that a pair of flat 
5 yokes 20, 20 are arranged in parallel to the plane of a recording 
media 200 . An MR film 100 constituting an MR element is provided 
so as to be magnetically coupled to the yokes 20 , 20. 

The recording medium 200 is provided with recording bits 
200B along a recording track 200T. The magnetic flux due to 

10 signal from each of the recording bits 20 0B is supplied to a 
magnetic circuit, which is formed by the yoke 20 , the MR film 
100 and the yoke 20 , to be detected. According to such a planar 
type construction, the length of a magnetic path to the MR film 
100 is shortened, so that the magnetic flux can be efficiently 

15 led to a spin-valve (see IEEE Trans. Mag. 25, 3689 (1989)). 

However, the width 20W of the yoke 20 of the planar type 
head is wider than the width 200W of the recording track 200T 
of the recording medium which has been acceleratively narrowed 
in recent years. For that reason, it is required to limit the 

20 active region of the MR film 100 for actually reading the magnetic 
flux. 

In addition, in the planar type head, it is desired that 
the magnetic permeability is uniform and great so that the 
magnetic flux due to signal from the recording medium 200 

25 efficiently enters the yoke 20 without being asymmetric and 
further enters the magnetization free layer of the MR film 100. 
Therefore, if a pair of magnetically hard materials 30, 30 are 
arranged so as to be perpendicular to the longitudinal directions 
of the track 200T of the medium so that the magnetization of 

30 the yoke 20 and the magnetization free layer is perpendicular 
to the track direction, the magnetic permeability can be high 
and uniform. 

However, if a CPP type MR element for realizing a high 
magnetoresistance effect is used, it is required to provide an 
35 electrode portion (pillar electrode) for causing a sense current 
to flow through the MR film in a direction perpendicular thereto . 
If an annular magnetic field due to current from this electrode 
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portion exceeds a magnetization fixing force due to the pair 
of magnetically hard materials 30, 30, the magnetization 
distribution of the magnetization free layer of the yoke 20 and 
the MR film 100 varies, so that the magnetic permeability is 
5 not uniform. 

Moreover, if the CPP type MR element is used, the MR film 
100 is sandwiched between top and bottom electrodes (not shown) . 
Therefore, it was revealed that the magnetic field due to current 
from a portion of these electrodes parallel to the MR film 100 

10 also influences the magnetization distribution in the yoke 20 
and the magnetization free layer of the MR film 100* 

The above described problems are not only caused in the 
planar type heads, but the problems are also commonly caused 
in most of yoke type heads or heads having other structures* 

15 For example, the same problems are caused in the " shielded" 
heads • 



SUMMARY OF THE INVENTION 
It is therefore an object of the present invention to 

20 eliminate the aforementioned problems and to provide a 
magnetoresistance effect element capable of precisely defining 
the active region of an MR film in a CPP type MR element and 
of effectively suppressing the influence of a magnetic field 
due to current from an electrode, and a magnetic head and magnetic 

25 reproducing system using the same. 

In order to accomplish the aforementioned object, 
according to a first aspect of the present invention, a 
magnetoresistance effect element comprises: a magnetization 
fixed layer in which the direction of magnetization is 

30 substantially fixed to one direction; a magnetization free layer 
in which the direction of magnetization varies in response to 
an external magnetic field; and a non-magnetic intermediate 
layer formed between the magnetization fixed layer and the 
magnetization free layer, the magnetoresistance effect element 

35 having a resistance varying in response to a relative angle 
between the direction of magnetization in the magnetization 
fixed layer and the direction of magnetization in the 
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magnetization free layer, the film area of the non-magnetic 
intermediate layer being smaller than the film area of each of 
the magnetization fixed layer and the magnetization free layer, 
and a sense current detecting the variation of the resistance 
5 being applied to the film planes of the magnetization fixed layer, 
the non-magnetic intermediate layer and the magnetization free 
layer in a direction substantially perpendicular thereto. 

According to a second aspect of the present invention, 
a magnetoresistance effect element comprises: a stacked film 

10 including a magnetization fixed layer in which the direction 
of magnetization is substantially fixed to one direction, and 
a magnetization free layer in which the direction of 
magnetization varies in response to an external magnetic field; 
and an electrode connected to a part of a principal plane of 

15 the stacked film, the magnetoresistance effect element having 
a resistance varying in response to a relative angle between 
the direction of magnetization in the magnetization fixed layer 
and the direction of magnetization in the magnetization free 
layer, a sense current detecting the variation of the resistance 

20 being applied to the film planes of the magnetization fixed layer 
and the magnetization free layer via the electrode in a direction 
substantially perpendicular to the magnetization fixed layer 
and the magnetization free layer, and the electrode comprising 
a pillar electrode portion substantially perpendicularly 

25 extending from the principal plane of the stacked film, a first 
feed portion being connected to the pillar electrode portion 
and extending from the pillar electrode portion substantially 
in parallel to the principal plane of the stacked film, and a 
second feed portion being connected to the first feed portion 

30 and extending from the first feed portion substantially in 
parallel to the principal plane. 

According to a third aspect of the present invention, a 
magnetoresistance effect element comprises: a stacked film 
including a magnetization fixed layer in which the direction 

35 of magnetization is substantially fixed to one direction, and 
a magnetization free layer in which the direction of 
magnetization varies in response to an external magnetic field; 
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and two electrodes, each of which is connected to a part of a 
corresponding one of both principal planes of the stacked f ilm, 
the magnetoresistance effect element having a resistance 
varying in response to a relative angle between the direction 
5 of magnetization in the magnetization fixed layer and the 
direction of magnetization in the magnetization free layer, a 
sense current detecting the variation of the resistance being 
applied to the film planes of the magnetization fixed layer and 
the magnetization free layer via the electrode in a direction 

10 substantially perpendicular to the magnetization fixed layer 
and the magnetization free layer, and each of the two electrodes 
comprising a pillar electrode portion substantially 
perpendicularly extending from the corresponding one of the both 
principal planes of the stacked film, a first feed portion being 

15 connected to the pillar electrode portion and extending from 
the pillar electrode portion substantially in parallel to the 
both principal planes of the stacked film, and a second feed 
portion being connected to the first feed portion and extending 
from the first feed portion substantially in parallel to the 

20 both principal planes. 

According to a fourth aspect of the present invention, 
a magnetoresistance effect element comprises: a stacked film 
including a magnetization fixed layer in which the direction 
of magnetization is substantially fixed to one direction, and 

25 a magnetization free layer in which the direction of 
magnetization varies in response to an external magnetic field; 
and an electrode connected to a part of a principal plane of 
the stacked film, the magnetoresistance effect element having 
a resistance varying in response to with a relative angle between 

30 the direction of magnetization in the magnetization fixed layer 
and the direction of magnetization in the magnetization free 
layer, a sense current detecting the variation of the resistance 
being applied to the film planes of the magnetization fixed layer 
and the magnetization free layer via the electrode in a direction 

35 substantially perpendicular to the magnetization fixed layer 
and the magnetization free layer, and the electrode comprising 
a pillar electrode portion substantially perpendicularly 
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extending from the principal plane of the stacked film, and a 
feed portion extending substantially in parallel to the 
principal plane of the stacked film, the pillar electrode portion 
having two conductive layers in the central portion and outer 
5 peripheral portion thereof, and the sense current being caused 
to flow in the opposite directions to each other in the central 
portion and the outer peripheral portion. 

According to a fifth aspect of the present invention, a 
magnetoresistance effect element comprises: a stacked film 

10 including a magnetization fixed layer in which the direction 
of magnetization is substantially fixed to one direction, and 
a magnetization free layer in which the direction of 
magnetization varies in response to an external magnetic field; 
and an electrode connected to a part of a principal plane of 

15 the stacked film, the magnetoresistance effect element having 
a resistance varying in response to a relative angle between 
the direction of magnetization in the magnetization fixed layer 
and the direction of magnetization in the magnetization free 
layer, a sense current detecting the variation of the resistance 

20 being applied to the film planes of the magnetization fixed layer 
and the magnetization free layer via the electrode in a direction 
substantially perpendicular to the magnetization fixed layer 
and the magnetization free layer, and the electrode comprising 
a pillar electrode portion substantially perpendicularly 

25 extending from the principal plane of the stacked film, and a 
feed portion extending substantially in parallel to the 
principal plane of the stacked film, the magnetoresistance 
effect element further comprising a magnetic shield provided 
around the pillar electrode portion. 

30 According to a sixth aspect of the present invention, a 

magnetic head comprises: a pair of yokes arranged so as to face 
each other via a magnetic gap; and a magnetoresistance effect 
element magnetically coupled to the pair of yokes, the pair of 
yokes having magnetization arranged in a predetermined 

35 direction, and the magnetoresistance effect element comprising: 
a stacked film including a magnetization fixed layer in which 
the direction of magnetization is substantially fixed to one 
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direction, and a magnetization free layer in which the direction 
of magnetization varies in response to an external magnetic 
field; and an electrode connected to a part of a principal plane 
of the stacked film, the magnetoresistance effect element having 
5 a resistance varying in response to a relative angle between 
the direction of magnetization in the magnetization fixed layer 
and the direction of magnetization in the magnetization free 
layer, a sense current detecting the variation of the resistance 
being applied to the film planes of the magnetization fixed layer 

10 and the magnetization free layer via the electrode in a direction 
substantially perpendicular to the magnetization fixed layer 
and the magnetization free layer, and the shape of a connecting 
portion for connecting the principal plane to the electrode 
having an edge portion being inclined in a magnetization rotating 

15 direction of the magnetization free layer from a direction 
perpendicular to the magnetizing direction of the yokes. 

According to a seventh aspect of the present invention, 
a magnetic head comprises: a pair of yokes arranged so as to 
face each other via a magnetic gap; and a magnetoresistance 

20 effect element magnetically coupled to the pair of yokes, the 
pair of yokes having magnetization being arranged in a 
predetermined direction, and the magnetoresistance effect 
element comprising: a first stacked film including a 
magnetization fixed layer in which the direction of 

25 magnetization is substantially fixed to one direction; a second 
stacked film including a magnetization free layer in which the 
direction of magnetization varies in response to an external 
magnetic field; and a non-magnetic intermediate layer provided 
between the first stacked layer and the second stacked layer, 

30 the magnetoresistance effect element having a resistance 
varying in response to a relative angle between the direction 
of magnetization in the magnetization fixed layer and the 
direction of magnetization in the magnetization free layer, the 
area of a contact portion of a principal plane of the first 

35 stacked film contacting the non-magnetic intermediate layer 
being smaller than the area of the principal plane of the first 
stacked film, and the area of a contact portion of a principal 
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plane of the second stacked film contacting the non-magnetic 
intermediate layer being smaller than the area of the principal 
plane of the second stacked film, a sense current detecting the 
variation of the resistance being applied to the film planes 
of the magnetization fixed layer, the non-magnetic intermediate 
layer and the magnetization free layer in a direction 
substantially perpendicular thereto, the shape of a connecting 
portion for connecting the non-magnetic intermediate layer to 
the principal plane of the first stacked film having an edge 
portion being inclined in a magnetization rotating direction 
of the magnetization free layer from a direction perpendicular 
to the magnetizing direction of the yokes. 

According to an eighth aspect of the present invention, 
a magnetic head comprises: a pair of yokes being arranged so 
as to face each other via a magnetic gap; and a magnetoresistance 
effect element provided on the pair of yokes and magnetically 
coupled to the pair of yokes, the pair of yokes having 
magnetization arranged in a predetermined direction, and the 
magnetoresistance effect element comprising: a stacked film 
including a magnetization fixed layer in which the direction 
of magnetization is substantially fixed to one direction, and 
a magnetization free layer in which the direction of 
magnetization varies in response to an external magnetic field; 
a top electrode connected to a part of an upper principal plane 
of the stacked film; a bottom electrode connected to a lower 
principal plane of the stacked film, the magnetoresistance 
effect element having a resistance varying in response to a 
relative angle between the direction of magnetization in the 
magnetization fixed layer and the direction of magnetization 
in the magnetization free layer, a sense current detecting the 
variation of the resistance being applied to the film planes 
of the magnetization fixed layer and the magnetization free layer 
via the electrode in a direction substantially perpendicular 
to the magnetization fixed layer and the magnetization free layer, 
the top electrode having a pillar electrode portion 
substantially perpendicularly extending from the principal 
plane of the stacked film, and a feed portion extending 
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substantially in parallel to the principal plane of the stacked 
film, the bottom electrode extending in a direction 
perpendicular to the direction of magnetization of the yokes, 
the feed portion of the top electrode being provided so that 
5 the sense current flowing through the feed portion is anti- 
parallel to a sense current flowing through the bottom electrode . 

In the magnetic head according to any one of the above 
described sixth through eighth aspects, a method for applying 
magnetization, which is arranged in a predetermined direction, 

10 to the pair of yokes may be a method for annealing the yokes 
in a magnetic field, or a method for applying a magnetic field 
due to bias which is caused by a biasing film of a magnetically 
hard film or an ant if erromagnetic film. 

According to a ninth aspect of the present invention, a 

15 magnetic head has a magnetoresistance effect element according 
to any one of the above described first through fifth aspect. 

According to a tenth aspect of the present invention, a 
magnetic reproducing system has any one of the above described 
magnetic head, and is capable of reading magnetic information 

20 stored in a magnetic recording medium. 

In other words, according to another aspect of the present 
invention, a magnetoresistance effect film wherein a current 
is applied to the element in a direction perpendicular to the 
film surface of the element and which comprises: at least one 

25 magnetization free layer in which magnetization rotates in 
response to an external magnetic field; and at least one 
magnetization pinned layer in which magnetization is fixed, 
wherein a pillar electrode is provided between a portion for 
allowing a sense current to flow in parallel to the film surface 

30 of the element of the electrode and the element, the sectional 
area of a portion of the pillar electrode contacting the element 
being smaller than the area of any portion of the element. 

According to another aspect of the present invention, a 
magnetoresistance effect film wherein a current is applied to 

35 the element in a direction perpendicular to the film surface 
of the element and which comprises: at least one magnetization 
free layer in which magnetization rotates in accordance with 
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an external magnetic field; and at least one magnetization pinned 
layer in which magnetization is fixed, wherein a pillar electrode 
is provided between a portion for allowing a sense current to 
flow in parallel to the film surface of the element of the 
5 electrode and the element, the sectional area of a portion of 
the pillar electrode contacting the element being smaller than 
the area of any portion of the element if being viewed from an 
approaching direction of a magnetic field due to signal or a 
direction perpendicular to the approaching direction. 

10 In the magnetoresistance effect element according to the 

second aspect, the sectional area of the pillar portion may 
substantially linearly increase from a surface contacting the 
element toward a surface of a portion in which a current flows 
in parallel and which contacts the electrode. 

15 Alternatively, in the magnetoresistance effect element 

according to the second aspect, the sectional area of the pillar 
portion may simply increase from a surface contacting the element 
toward a surface in which a current flows in parallel to the 
film surface of the element and which contacts the electrode, 

20 and its increasing rate may vary on the way. 

Alternatively, in the magnetoresistance effect element 
according to the second aspect, the pillar portion may be divided 
into two portions having a small rate of change in sectional 
area. 

25 Moreover, the contact area of the pillar portion 

contacting the magnetoresistance effect film may be S L ^ ad /S m > 
2000 assuming that the contact area of the pillar portion 
contacting the feed portion is S^^. 

Alternatively, of the two portions having the small rate 
30 of change in sectional area, the height of a portion having a 
small mean sectional area may be 30 nm or less. 

In addition, the electrode area of a portion of the bottom 
and top electrodes contacting the pillar electrode may be 
narrowed so as to be the same as the sectional area of the pillar 
35 electrode. 

That is, in the case of a CPP element, the active region 
of the MR element is defined by the area of a portion, in which 
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a sense current flows, of a ferromagnetic /non-magnetic 
interface which mainly provides the magnetoresistance effect 
element* In the case of a CPP type MR, the sectional area of 
the pillar electrode must be smaller than the size of the element 
5 in order to increase the electrical resistance while maintaining 
the magnetic characteristics of the MR element. By the pillar 
electrode in this case, the active region of the MR element can 
be defined. 

In addition, in order to decrease the magnetic field due 

10 to current from the pillar electrode, the sectional area of the 
pillar electrode is varied to decrease the area of a surface 
contacting the element. Moreover, the pillar electrode is 
formed by two portions in which the sectional area does not so 
vary, and the sectional area and height of a portion contacting 

15 the element are defined to be predetermined ranges. If the 
magnetic field due to current from the pillar electrode is 
decreased to be smaller than the magnetization fixing force due 
to a pair of magnetically hard materials, the magnetization in 
the yokes and the magnetization free layer of the MR element 

20 does not so rotate. For that reason, the magnetic flux from the 
recording medium substantially symmetrically enters the 
magnetization free layer. 

Alternatively, the sense current is caused to go and 
return in the pillar electrode to prevent the magnetic field 

25 due to current from being applied, so that the magnetic field 
due to the sense current is canceled. Alternatively, a magnetic 
shield is provided around the pillar electrode to prevent the 
magnetic field due to current from being applied to the element. 
If the current is caused to go and return in the pillar electrode, 

30 the magnetic field due to current to the outside of the electrode 
is canceled. In addition, if the shield is provided, the 
magnetic field due to current is not applied to the element and 
the yokes. Therefore, the magnetic flux from the recording 
medium symmetrically enter the magnetization free layer. 

35 Moreover, in the case of a planar yoke head, the 

magnetization of the yokes may rotate due to the influence of 
the magnetic field due to current which could not have been 
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removed. In this case, there is some possibility that the 
magnetization of the yokes may be deviated from a direction 
parallel to the track longitudinal direction of the recording 
medium to read a magnetic flux due to signal from an adjacent 
5 track. In order to prevent this, the shape of the cross section 
of the pillar electrode or the pillar non-magnetic material for 
defining the active region of the element is designed to extend 
along the flow of the magnetic flux so as to efficiently read 
only a signal from a track directly below the active region. 

10 When the magnetic field due to current from the pillar electrode 
can not be ignored, the magnetic flux from the recording medium 
asymmetrically enters the yokes and the magnetization free layer 
of the MR element to some extent. In expectation of this, if 
the cross section of the pillar electrode is designed to be 

15 asymmetric so as to extend along the flow of the magnetic flux, 
the regenerative efficiency is improved. 

In addition, the electrode is arranged so that the current 
applying direction in an electrode portion parallel to the plane 
of the element is parallel to the track direction of the medium. 

20 According to such an arrangement , the direction of the magnetic 
field due to current from this portion is the same direction 
as the magnetization fixing direction of the yokes and 
magnetization free layer due to the pair of magnetically hard 
materials. In addition, if the direction of current in the top 

25 electrode is anti-parallel to that in the bottom electrode, the 
magnetic field due to current applied to the yokes can be reduced. 
If the electrode in a portion parallel to the plane of the element 
is parallel to the track direction, the magnetic field due to 
current is generated in a direction perpendicular to the track. 

30 Since this direction is the same as the magnetization fixing 
direction due to the pair of magnetically hard materials, there 
is no influence on the magnetization distribution in the yokes 
and magnetization free layer. 

35 BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be understood more fully from 
the detailed description given herebelow and from the 
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accompanying drawings of the embodiments of the invention. 
However, the drawings are not intended to imply limitation of 
the invention to a specific embodiment/ but are for explanation 
and understanding only. 
5 In the drawings: 

FIG. 1(a) and 1(b) are sectional and plan views showing 
the first embodiment of a magnetoresistance effect element 
according to the present invention; 

FIG. 2 is a conceptual drawing showing a first modified 
10 example of a magnetoresistance effect element in the first 
embodiment ; 

FIG. 3 is a conceptual drawing showing a second modified 
p example of a magnetoresistance effect element in the first 

embodiment ; 

fji 15 FIG. 4 is a conceptual drawing showing a current path in 

a magnetoresistance effect film 13; 
=y FIG. 5 is a conceptual drawing showing a sectional 

construction of a third modified example of a magnetoresistance 
3 effect element in the first embodiment; 

0 20 FIG. 6 is a conceptual drawing showing a principal part 

J of a shielded head on which the magnetoresistance effect element 

3 illustrated in FIG. 1 is mounted; 

FIG. 7 is a conceptual drawing showing a magnetization 
distribution in a magnetization free layer (free layer) of a 
25 magnetoresistance effect element; 

FIG. 8 is a perspective view showing a construction 
wherein the magnetoresistance effect element illustrated in FIG. 
1 is mounted on a planar yoke head; 

FIG. 9 is a conceptual drawing showing a magnetizing 
30 direction in the third embodiment of a head according to the 
present invention; 

FIG. 10 is a perspective view showing the construction 
of a principal part of a modified example of a magnetic head 
in the third embodiment; 
35 FIG. 11 is a sectional view of the magnetoresistance 

effect element in the third embodiment of the present invention, 
which is provided with an auxiliary yoke; 
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FIG. 12(a) is a perspective view showing a magnetic field 
due to current, which is generated when a sense current is caused 
to flow, and the direction of a magnetic field due to bias based 
on a magnetically hard film or an antiferromagnetic film, in 
5 the first embodiment of a magnetoresistance effect element 
according to the present invention, and FIG. 12(b) is a 
characteristic graph of the magnitude of an annular magnetic 
field due to current, which is generated in a magnetoresistance 
effect film when a sense current of 5 mA is caused to flow, with 

10 respect to the distance from the center of a pillar electrode; 

FIG. 13(a) is a perspective view showing a magnetic field 
due to current, which is generated when a sense current is caused 
to flow, and the direction of a magnetic field due to bias based 
on a magnetically hard film or an antiferromagnetic film, in 

15 the first embodiment of a magnetoresistance effect element 
according to the present invention, and FIG. 13(b) is a 
characteristic graph of the magnitude of an annular magnetic 
field due to current, which is generated in a magnetoresistance 
effect film when a sense current of 5 mA is caused to flow, with 

20 respect to the distance from the center of a pillar electrode; 

FIG. 14 is a sectional view of the fourth embodiment of 
a magnetoresistance effect element according to the present 
invention; 

FIG. 15 is a schematic diagram showing a modified example 
25 4-1 of a magnetoresistance effect element in the fourth 
embodiment of the present invention, wherein the sectional area 
of a pillar electrode is linearly varied from one surface 
contacting a top electrode to the other surface contacting the 
magnetoresistance effect film; 
30 FIG. 16 is a schematic diagram showing a modified example 

4-2 of a magnetoresistance effect element in the fourth 
embodiment of the present invention, wherein the 
magnetoresistance effect element is capable of being generally 
divided into two parts by the sectional area of a pillar 
35 electrode; 

FIG. 17 is a schematic view of the fifth embodiment of 
a magnetoresistance effect element according to the present 
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invention; 

FIG. 18 is a schematic view of the sixth embodiment of 
a magnetoresistance effect element according to the present 
invention; 

5 FIG. 19 is a plan view of a magnetoresistance effect 

element when a CPP type GMR film is mounted on a planar yoke 
head, wherein a magnetization distribution in a yoke and a 
magnetization free layer is described by arrows and a traveling 
direction of a magnetic flux due to signal in the case of the 

10 magnetization distribution is shown, FIG. 19(a) showing a 
magnetization distribution and the flow of a magnetic flux due 
to signal when the influence of a magnetic field due to a sense 
current flowing through a pillar electrode can be ignored, FIG. 
19(b) showing a magnetization distribution and the flow of a 

15 magnetic flux due to signal when the sense current of the column 
electrode can not be ignored, and FIG. 19(c) showing the flow 
of a magnetic flux due to signal when the sense current of the 
pillar electrode can not be ignored, and the position and shape 
of the pillar electrode suitable therefor, as the seventh 

20 embodiment of the present invention; 

FIG. 20 is a perspective view of the eighth embodiment 
of a magnetoresistance effect element according to the present 
invention; 

FIG. 21 is a plan view of the eighth embodiment of a 
25 magnetoresistance effect element according to the present 
invention, wherein a magnetization distribution in a yoke and 
a magnetization free layer, the flow of a magnetic flux due to 
signal determined by the distribution, and the position and shape 
of a pillar electrode suitable for the flow are shown; 
30 FIG. 22 is an illustration showing the details of the shape 

of the pillar electrode shown in FIG. 21; 

FIG. 23 is an illustration for explaining the sectional 
shape of a pillar electrode of a magnetoresistance effect element 
when the seventh and eighth embodiments of the present invention 
35 are combined; 

FIG. 24 is a perspective view of the ninth embodiment of 
a magnetoresistance effect element according to the present 
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invention; 

FIG. 25 is a plan view of a top electrode in the ninth 
embodiment of the present invention, wherein current paths and 
a magnetic field due to current generated in a magnetoresistance 
5 effect film by the current paths are shown by arrows; 

FIG. 26 is a perspective view of a modified example 9-1 
of a magnetoresistance effect film, wherein the top and bottom 
electrodes in the ninth embodiment of the present invention are 
narrowed at the position of a pillar electrode; 
10 FIG. 27 is an illustration wherein current paths in a top 

electrode in a modified example of the present invention, and 
a magnetic field due to current generated in a magnetoresistance 
effect film by the current paths are shown by arrows; 

FIG. 28 is a perspective view illustrating the schematic 
15 construction of a principal part of a magnetic reproducing system 
according to the present invention; 

FIG. 29 is an enlarged perspective view of a magnetic head 
assembly in front of an actuator arm 155, viewed from the side 
of a disk; 

20 FIG. 30(a) is a conceptual drawing showing the 

relationship between a head slider 153 and a magnetic head 200 
when a flying height is a predetermined positive value, and FIG. 
30(b) is a conceptual drawing showing the relationship between 
such a "contact traveling" the head slider 153 and the magnetic 

25 head 200; and 

FIG. 31 is a schematic perspective view showing the 
construction of a principal part of a planar type head. 

DE SCR IPTIO N OF THE EM BODIMENTS 
30 Referring now to the accompanying drawings, the 

embodiments of the present invention will be described below. 
(First Embodiment) 

First, as the first embodiment of the present invention, 
the basic construction for restricting a current applying region 
35 to an MR film will be described below. 

FIG. 1 is a conceptual drawing showing the construction 
of a principal part of a magnetoresistance effect element in 
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this embodiment. That is f FIG. 1(a) is its sectional view, and 
FIG. 1(b) is its plan view. The right side in FIG. 1 corresponds 
to an external magnetic field approaching surface. For example, 
if the magnetoresistance effect element is mounted on a shielded 
5 head, the external magnetic field approaching surface is 
arranged so as to face a magnetic recording medium, and if the 
magnetoresistance effect element is mounted on a planar type 
head, the external magnetic field approaching surface is 
supported on one of magnetic yokes. 

10 In this embodiment, an MR element 10 comprises a bottom 

electrode 12, a magnetoresistance effect film 13, a pillar 
electrode 14 and a top electrode 15 which are stacked on a 
substrate 11 in that order. These are surrounded by an 
insulating material (not shown) . The magnetoresistance effect 

15 film 13 has a stacked construction wherein a magnetization fixed 
layer (pinned layer), non-magnetic intermediate layer (spacer 
layer) and magnetization free layer (free layer) (not shown) 
are stacked. One embodiment of the present invention is 
characterized in that the sectional area of the pillar electrode 

20 14 is smaller than the sectional area of each of the layers 
constituting the magnetoresistance effect film 13. 

A sense current is caused to flow from the top electrode 
15 to the pillar electrode 14, the magnetoresistance effect film 
13 and the bottom electrode 12, or in the opposite direction 

25 thereto. That is, with respect to the magnetoresistance effect 
film 13, the sense current flows in a direction perpendicular 
to the plane of the film. 

Although the magnetoresistance effect film 13 is 
basically made of a metal, most of the sense current flows through 

30 a region contacting the pillar electrode 14 . By utilizing this , 
an active region 13A can be defined by the sectional shape of 
the pillar electrode 14 . 

Although the shape of the active region 13A in which the 
pillar electrode 14 contacts the magnetoresistance effect film 

35 13 may be any shape, it is effectively a shape approximating 
to a rectangle as shown in FIG. 1(b) in order to efficiently 
read a magnetic field due to signal from a magnetic recording 
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medium. 

(Modified Example 1-1) 

FIG. 2 is a conceptual drawing showing a first modified 
example of a magnetoresistance effect element in this embodiment . 
5 That is, FIG. 2(a) is its sectional view, and FIG. 2(b) is its 
plan view. 

As shown in FIG. 2, the magnetoresistance effect element 
10A in this modified example comprises a bottom electrode 12, 
a pillar electrode 14, a magnetoresistance effect film 13 and 

10 a top electrode 15 which are stacked on a substrate 11 in that 
order. In such a magnetoresistance effect element, an active 
region 13A can be similarly defined. 

Although the shape of the active region 13A in which the 
pillar electrode 14 contacts the magnetoresistance effect film 

15 13 may be any shape, it is effectively a shape approximating 
to a rectangle as shown in FIG. 2(b) in order to efficiently 
read a magnetic field due to signal from a magnetic recording 
medium. 

(Modified Example 1-2) 
20 FIG. 3 is a conceptual drawing showing a second modified 

example of a magnetoresistance effect element in this embodiment . 
That is, FIG. 2(a) is its sectional view, and FIG. 2(b) is its 
plan view. The magnetoresistance effect element 10B in this 
modified example comprises a bottom electrode 12 , a bottom pillar 

25 electrode 14A, a magnetoresistance effect film 13, a top pillar 
electrode 14B and a top electrode 15 which are stacked on a 
substrate 11 in that order. 

FIG. 4 is a conceptual drawing showing a current path in 
the magnetoresistance effect element 13. 

30 In the magnetoresistance effect elements shown in FIGS. 

1 and 2, a component parallel to the plane of the 
magnetoresistance effect film 13 is generated in a current 
distribution in the film as shown in FIG. 4(a), so that the 
element is not a complete CPP type MR element. 

35 as compared with this, in the second modified example 

shown in FIG. 3, the component parallel to the plane of the 
magnetoresistance effect film 13 disappears in the current 
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distribution in the film as shown in FIG. 4(b), so that the CPP 
type MR element can be extracted . In addition, the active region 
13A of the magnetoresistance effect film can be more effectively 
defined. 

5 Although the shape of the active region 13A in which the 

top pillar electrode 14B and the bottom pillar electrode 14A 
contact the magnetoresistance effect film 13 may be any shape, 
it is effectively a shape approximating to a rectangle as shown 
in FIG. 3(b) in order to efficiently read a magnetic field due 

10 to signal from a magnetic recording medium. 
(Modified Example 1-3) 

FIG. 5 is a conceptual drawing showing a sectional 
construction of a third modified example of a magnetoresistance 
effect element in this embodiment. That is, in the 

15 magnetoresistance effect element 10C in this modified example, 
a non-magnetic intermediate layer 13S of a spin-valve which has 
a stacked film 13P having at least one magnetization fixed layer 
(pinned layer) and a stacked film 14F having at least one 
magnetization free layer (free layer) is patterned in the form 

20 of a pillar. However, the stacking order in this figure should 
not limited. Furthermore, electrodes (not shown) contact the 
top and bottom faces of the magnetoresistance effect film 13. 

The interface between the non-magnetic intermediate 
layer 13S and the magnetization fixed layer and the interface 

25 between the non-magnetic intermediate layer 13S and the 
magnetization free layer have the interfacial effect of the 
magnetoresistance effect. In the element shown in FIG. 5, a 
current flows in a direction substantially perpendicular to 
these interfaces, so that the effects of a CPP type GMR can be 

30 extracted. 

Although the shape of the active region in which the pillar 
spacer layer 13S contacts the pinned layer 13P and the free layer 
13S may be any shape, it is effectively a shape approximating 
to a rectangle in order to efficiently read a magnetic field 

35 due to signal from a magnetic recording medium. 
(Second Embodiment) 

As the second embodiment of the present invention, an 
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embodiment of the structure shown in FIG. 1 which is applied 
to a shielded head will be described below. 

FIG. 6 is a conceptual drawing showing a principal part 
of a shielded head on which the magnetoresistance effect element 
5 illustrated in FIG. 1 is mounted. That is, FIG. 6(a) is a 
sectional view taken along a longitudinal direction of a 
recording track, and FIG. 6(b) is a sectional view taken along 
a cross direction of a recording track. In the figure, a magnetic 
recording medium 200 travels in directions of arrow A. 

10 In the magnetic head in this embodiment, a 

magnetoresistance effect film 13 is sandwiched between a pair 
of magnetic shields 24 and 24, and is arranged so as to be 
perpendicular to the magnetic recording medium 200 . In addition, 
a top electrode 12, a pillar electrode 14 and a top electrode 

15 15 are provided as shown in the figure, so that an active region 
13A is defined. 

FIG. 7 is a conceptual drawing a magnetization 
distribution in a magnetization free layer (free layer) of the 
magnetoresistance effect film 13 . A magnetic flux due to signal 

20 from the recording medium 13 enters the magnetization free layer 
of the magnetoresistance effect element 13 to rotate the 
magnetization of the magnetization free layer. Usually, in no 
magnetic field, as shown in FIG. 7(a), the magnetization (arrows) 
of the magnetization free layer is formed as a single magnetic 

25 domain by a magnetic field due to bias from a biasing film 30 
so as to be perpendicular to an approaching magnetic field. If 
a magnetic flux F enters herein from the recording medium, the 
magnetization (arrows) of the magnetization free layer rotates 
as shown in FIG. 7(b), but the rotation angle thereof attenuates 

30 as the distance from the recording medium 200 increases. That 
is , the sensitivity is higher in a portion nearer to the recording 
medium 200. 

Therefore, if the pillar electrode 14 is arranged in a 
portion nearer to the recording medium 200, only a portion having 
35 a high sensitivity of the magnetization free layer can be an 
active region 13A, so that it is possible to realize a high 
output . 
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Furthermore, in the construction of FIG. 6, each of the 
top electrode 15 and the bottom electrode 12 may also serve as 
a magnetic shield, in that case, the structure is simplif ied, 
and the fabricating process is shortened. 
5 In FIG. 6, the magnetoresistance effect element may be 

an element in the above described modified example 1-1, 1-2 or 
1-3. 

(Third Embodiment) 

As the third embodiment of the present invention, a planar 

10 yoke head having a bias applying means will be described below. 

FIG. 8 is a perspective view showing the construction of 
a planar yoke head on which the magnetoresistance effect element 
illustrated in FIG. 1 is mounted. In this figure, the same 
reference numbers are given to the same element as those 

15 described above referring to FIGS. 1 through 7 and 31 to omit 
the detailed descriptions thereof. Furthermore, in this figure, 
top and bottom electrodes in a portion parallel to the plane 
of the film are omitted. 

In this embodiment, a pair of yokes 20, 20 are sandwiched 

20 between a pair of biasing films 30 and 30 formed of a hard film 
of a magnetically hard material or an antiferromagnetic film, 
and the magnetization is formed as a single magnetic domain so 
as to be directed in a direction of y. Similarly, the 
magnetization of the magnetization free layer of a 

25 magnetoresistance effect film 13 is also aligned with the 
direction of y. 

FIG. 9 is a conceptual drawing showing a magnetizing 
direction in the head in this embodiment. 

As shown in this figure, a magnetic flux from a magnetic 

30 recording medium 200 mainly enters the yoke 20 in a portion above 
a track 200T, and the magnetization of the magnetization free 
layer is also greatly rotate only in the portion above the track 
200T. Therefore, if the sectional area of a pillar electrode 
14 is limited to a track width 200W as shown in FIG. 8 so that 

35 only a portion having a high sensitivity is an active region 
13A (see FIG. 1), it is possible to improve the output. 

Furthermore, also in this embodiment, the same effects 
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can be obtained even if the magnetoresistance effect element 
in the above described modified example 1-1, 1-2 or 1-3 is 
mounted . 

(Modified Example 3-1) 
5 As a first modified example of this embodiment, a 

construction for applying a magnetic field due to bias to a yoke 
and a magnetization free layer will be described below. 

FIG. 10 is a schematic perspective view showing the 
construction of a principal part of a magnetic head in this 

10 modified example. Also in this figure, the same reference 
numbers are given to the same elements as those described above 
referring to FIGS. 1 through 9 and 31 to omit the detailed 
descriptions thereof. 

In this modified example, a pair of biasing films 30, 30 

15 of a magnetically hard film or an antiferromagnetic film are 
arranged on yokes 20 and a magnetization free layer. According 
to such a "patterned bias construction" , an ideal magnetic field 
due to bias can be applied to the yokes 20 and the magnetization 
free layer. 

20 (Modified Example 3-2) 

As a second modified example of this embodiment, a 
construction having auxiliary yokes will be described below. 

FIG. 11 is a schematic sectional view showing the 
construction of a principal part of a magnetic head in this 

25 modified example. Also in this figure, the same reference 
numbers are given to the same elements as those described above 
referring to FIGS. 1 through 10 and 31 to omit the detailed 
descriptions thereof. 

In this modified example, auxiliary yokes 22 

30 substantially having the same size as that of the width 200W 
of a recording track of a recording medium are added to the planar 
yoke head illustrated in FIG. 8. Thus, a magnetic flux due to 
signal from the recording track is efficiently led to the yokes 
20, and thus to the magnetization free layer of a 

35 magnetoresistance effect element 13. As a result, only the 
magnetization of a portion above the recording track ideally 
rotates, so that an active region 13A can be more conspicuously 
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defined by arranging a pillar electrode 14 within the track 
width* 

Of course, the same effects can be obtained even if the 
construction illustrated in any one of FIGS. 10, 20, 24 and 26 
5 is provided with the same auxiliary yokes 22, 22. 
(Fourth Embodiment) 

As the fourth embodiment of the present invention, a 
concrete construction for suppressing the effects of an annular 
magnetic field generated by a pillar electrode will be described 
10 below. 

FIG. 12(a) is a schematic diagram showing a principal part 
of the magnetoresistance effect element illustrated in FIG. 1. 
Biasing films 30 of a magnetically hard film or an 
antiferromagnetic film are provided on the front and rear sides 
15 in the figure, so that the magnetization free layer is formed 
as a single magnetic domain by a magnetic field due to bias 
generated by the biasing films 30. 

It is assumed that the cross section of the pillar 
electrode 14 is circular and its height is infinitely long. If 
20 a sense current Is is caused to flow through such a pillar 
electrode 14 in a direction of arrow, an annular magnetic field 
due to current is applied to the magnetoresistance effect element 
13 as shown by arrow M. If the magnetic field M due to current 
increases to such an extent that it can not be ignored, the 
25 magnetic permeability of a magnetic flux due to signal entering 
the magnetization free layer in a lateral direction in the figure 
is not uniform on the plane. Moreover, if the magnitude of the 
magnetic field M due to current exceeds the magnetic field B 
due to bias, the magnetization of the magnetization free layer 
30 rotates . 

FIG. 12(b) is a graph showing the magnitude of a magnetic 
field M due to current at a position, which is spaced from the 
center of the pillar electrode 14 by a distance r, when a sense 
current Is of 5 mA is caused to flow. Furthermore, in this figure, 
35 the broken lines show a magnetic field distribution in the pillar 
electrode 14, and the solid line shows a magnetic field 
distribution outside of the pillar electrode 14. That is, the 
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magnetic field due to current increases in the pillar electrode 
14 as the distance from the center increases, has a peak on the 
outer wall of the electrode 14 , and attenuates as the distance 
from the outer wall of the electrode 14 increases outwardly. 
5 The locally applied maximum magnetic field greatly 

depends on the radius r p of the pillar electrode 14 . For example, 
the maximum magnetic field is 25 Oe if the radius is 100 nm, 
it is 12.5 Oe if the radius is 200 nm, and it is 8.3 Oe if the 
radius is 300 nm. Thus , the maximum magnetic field due to current 
10 decreases as the radius r p increases. It can be therefore said 
that the radius r p of the pillar electrode 14 is preferably as 
large as possible. 

^ FIG. 13(a) is a schematic diagram showing a principal part 

yg of the magnetoresistance effect element illustrated in FIG. 1. 

if 15 In this case, biasing films 30 of a magnetically hard film or 

y, an antif erromagnetic film are provided on the front and rear 

sides in the figure, so that the magnetization free layer is 
formed as a single magnetic domain by a magnetic field due to 
^ bias generated by the biasing films 30. 

rSj 20 It is herein assumed that an infinitely thin linear 

electrode. If a sense current Is is caused to flow through such 
K a linear electrode in a direction of arrow, an annular magnetic 

field is applied to the magnetoresistance effect element 13 as 
shown by arrow M. If the magnetic field M due to current 

25 increases to such an extent that it can not be ignored, the 
magnetic permeability of a magnetic flux F due to signal entering 
the magnetization free layer in a lateral direction in the figure 
is not uniform on the plane. Moreover, if the magnetic field 
M due to current exceeds the magnetic field B due to bias, the 

30 magnetization of the magnetization free layer rotates. 

FIG. 13(b) is a graph showing the magnitude of a magnetic 
field M due to current at a position, which is spaced from the 
pillar electrode 14 by a distance r, when a sense current of 
5 mA is caused to flow. The magnitude of the magnetic field M 

35 due to current greatly depends on the height h of the pillar 

electrode 14. For example, at a position of r = 0.2 jULm, the 
magnitude of the magnetic field M due to current is 1.25 Oe if 
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the height h is 10 nm, it is 7.18 Oe if the height h is 60 nm, 
and it is 17,7 Oe if the height h is 200 nm. Thus, the magnitude 
of the magnetic field M due to current decreases as the height 
h increases. Because the intensity of the magnetic field M due 
5 to current at the position of the magnetoresistance effect film 
13 is determined by the integral along longitudinal directions 
of the pillar electrode 14 • It can be therefore said that the 
height h of the pillar electrode 14 must be designed to be 
smallish . 

10 In view of the foregoing, the pillar electrode 14 is 

designed as follows. 

First, the pillar electrode 14 must be thick in order to 
suppress the magnetic field M due to current. On the other hand, 
=0 the sectional area of the pillar electrode 14 on a plane 

Sf 15 contacting the magnetoresistance effect film 13 is preferably 

M* small from the standpoint of the narrowing of the active region 

13A and from the standpoint of the enhancement of the resistance 
M. of the CPP type GMR element. 

In addition, the magnetic field M due to current can be 
S 20 reduced as the length of the pillar electrode 14 decreases. 

W However, the height h of the pillar electrode 14 must be at least 

Z% about 100 nm in order to ensure the electrical insulation between 

H the magnetoresistance effect film 13, the top electrode 15 and 

the bottom electrode 12. 
25 As a design simultaneously satisfying these conditions, 

for example, in the case of the magnetoresistance effect element 
illustrated in FIG. 1, the sectional area of a portion of the 
pillar electrode 14 near the top electrode 15 may be large, and 
the sectional area of a portion of the pillar electrode 14 near 
30 the magnetoresistance effect film 13 may be small. 

FIG. 14 is a conceptual drawing illustrating this 
construction. It can be also seen from FIG. 12 that the magnetic 
field due to current is small in a portion 14L having a large 
sectional area even if its height is large. Therefore, only the 
35 magnetic field M due to current from a portion 14S having a 
narrowed sectional area near the magnetoresistance effect film 
13 may be substantially considered. In this case, the cross 
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section in horizontal directions may have a shape of circle, 
or any one of other various shapes as will be described later 
in detail. 

An example where this pillar electrode 14 is applied to 
5 the modified example 1-2 is shown in FIG- 14(b). This example 
is more effective since the contribution of two pillar electrodes 
is moderated. 

This pillar electrode 14 can be also applied to the 
magnetoresistance effect element in the modified example 1- 

10 1 . Since the rotation of magnetization according to a magnetic 
field due to signal from a magnetic recording medium is carried 
out in a magnetization free layer, if the area of a pillar 
non-magnetic intermediate layer contacting the magnetization 
free layer is smaller than the area of the pillar non-magnetic 

15 intermediate layer contacting a magnetization fixed layer as 
shown in FIG. 14(c) , it is possible to enhance its sensitivity. 

In addition, if the area of the pillar non-magnetic 
intermediate layer contacting the magnetization fixed layer is 
smaller than the area of the pillar non-magnetic intermediate 

20 layer contacting the magnetization free layer as shown in FIG. 
14(d), unnecessary magnetic field is not applied to the 
magnetization fixed layer, so that it is possible to improve 
the magnetization stability in the magnetization fixed layer. 
(Modified Example 4-1) 

25 FIG. 15 is a conceptual drawing showing a construction 

wherein the sectional area of the pillar electrode 14 is linearly 
varied from one surface contacting the top electrode 15 to the 
other surface contacting the magnetoresistance effect film 13. 
Such a pillar electrode 14 can be prepared by one lift off if 

30 a tapered resist is used. Of course, this pillar electrode 14 
can also be applied to the magnetoresistance effect element in 
any one of the modified example 1-1 and 1-2. 

An example where this pillar electrode 14 is applied to 
the modified example 1-2 is shown in FIG. 15(b). This example 

35 is more effective since the contribution of two pillar electrodes 
is moderated. 

This pillar electrode 14 can be also applied to the 
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magnetoresistance effect element in the modified example 1- 
1 • Since the rotation of magnetization according to a magnetic 
field due to signal from a magnetic recording medium is carried 
out in a magnetization free layer, if the area of a pillar 
5 non-magnetic intermediate layer contacting the magnetization 
free layer is smaller than the area of the pillar non-magnetic 
intermediate layer contacting a magnetization fixed layer as 
shown in FIG. 15(c), it is possible to enhance its sensitivity. 

In addition, if the area of the pillar non-magnetic 

10 intermediate layer contacting the magnetization fixed layer is 
smaller than the area of the pillar non-magnetic intermediate 
layer contacting the magnetization free layer as shown in FIG. 
15(d), unnecessary magnetic field is not applied to the 
magnetization fixed layer, so that it is possible to improve 

15 the magnetization stability in the magnetization fixed layer. 
(Modified Example 4-2) 

FIG. 16 is a conceptual drawing illustrating a 
construction wherein the sectional area of the pillar electrode 
14 is generally divided into two stages. Thus, it is possible 

20 to increase the difference between the area of a surface of 
the pillar electrode 14 contacting the magnetoresistance effect 
film 13 and the area S upperl6ad of a surface of the pillar electrode 
14 contacting the top electrode 15. As this difference 
increases, the magnetic field M due to current from a portion 

25 of the pillar electrode 14 having a large sectional area can 
be reduced. By the inventor's study, it was revealed that the 
pillar electrode 14 is preferably designed so that S 

upperlead ' MR 

> 2000. 

However, even if the pillar electrode 14 is thus designed, 
30 if the portion having the small sectional area is long, the 
magnetic field M due to current increases as described above 
referring to FIGS. 13(a) and 13(b). Therefore, the height of 
the portion having the small sectional area is preferably 30 
nm or less, and more preferably 15 nm or less. 
35 An example where this pillar electrode 14 is applied to 

the modified example 1-2 is shown in FIG. 16(b). This example 
is more effective since the contribution of two pillar electrodes 
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is moderated. 

This pillar electrode 14 can be also applied to the 
magnetoresistance effect element in the modified example 1- 
1 . Since the rotation of magnetization according to a magnetic 
field due to signal from a magnetic recording medium is carried 
out in a magnetization free layer, if the area of a pillar 
non-magnetic intermediate layer contacting the magnetization 
free layer is smaller than the area of the pillar non-magnetic 
intermediate layer contacting a magnetization fixed layer as 
shown in FIG. 16(c) , it is possible to enhance its sensitivity. 

In addition, if the area of the pillar non-magnetic 
intermediate layer contacting the magnetization fixed layer is 
smaller than the area of the pillar non-magnetic intermediate 
layer contacting the magnetization free layer as shown in FIG. 
16(d), unnecessary magnetic field is not applied to the 
magnetization fixed layer, so that it is possible to improve 
the magnetization stability in the magnetization fixed layer. 
(Fifth Embodiment) 

As the fifth embodiment of the present invention, a 
construction wherein the magnetic field due to current in a 
pillar electrode is canceled. 

FIG. 17 is a conceptual drawing illustrating the 
construction of a principal part of a magnetoresistance effect 
element in this embodiment. That is, FIG. 17(a) is a drawing 
of its longitudinal section, and FIG. 17(b) is a drawing of 
horizontal section of its principal part. 

This embodiment is characterized in that, in the 
construction illustrated in FIG. 1, the pillar electrode 14 is 
divided into a central conductive portion 14C and an outer 
peripheral conductive portion 14P, and a sense current Is is 
caused to go and return to cancel a magnetic field M due to current . 
The central conductive portion 14 and the outer peripheral 
conductive portion 14P are insulated from each other by means 
of an insulator 141. 

The sense current Is flows from a top electrode approach 
route 12A into the central conductive portion 14C to be applied 
to the magnetoresistance effect film 13 in a direction 
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perpendicular thereto ♦ Then, the sense current Is flows from 
a bottom electrode approach route 12A to a return route 12B 
arranged on the magnetoresistance effect film to pass through 
the outer peripheral conductive portion 14P to a top electrode 
5 return route 15B. Of course, the sense current Is may flow in 
the opposite direction. If the sense current Is is thus caused 
go and return in the pillar electrode 14, the magnetic field 
M due to current applied to the magnetoresistance effect film 
13 can be reduced, and can be ideally zero. 

10 of course, this can also be similarly applied to the 

modified examples 1-1 and 1-2 illustrated in FIGS. 2 and 3. 
(Sixth Embodiment) 

As the sixth embodiment of the present invention, a 
construction wherein a magnetic field due to current in a pillar 

15 electrode is shielded will be described below. 

FIG. 18 is a conceptual drawing illustrating the 
construction of a principal part of a magnetoresistance effect 
element in this embodiment. That is, FIG. 18(a) is a drawing 
of its longitudinal section, and FIG. 18(b) is a drawing of 

20 horizontal section of its principal part. 

In this embodiment, a magnetic shield 15 is arranged 
around a pillar electrode 14 via an insulator 141. If such a 
magnetic shield 15 is provided, the magnetic field M due to 
current applied to the magnetoresistance effect film 13 can be 

25 reduced, and can be ideally zero. 
(Seventh Embodiment) 

In the fourth through sixth embodiments, the design of 
the element for reducing or suppressing the influence of the 
annular magnetic field M due to current from the pillar electrode 

30 has been described. 

This embodiment relates to an approach to the avoidance 
of a crosstalk from an adjacent track during reading, which is 
caused by a magnetic field M due to current. 

FIG. 19 is a conceptual drawing showing a plane 

35 construction of a planar yoke head on which a CPP type GMR element 
is mounted. 

FIG. 19(a) shows a magnetization distribution (arrows) 
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when the influence of a magnetic field M due to current is small 
to an extent that it can be ignored. Biasing films 30, 30 of 
a magnetically hard film or an antiferromagnetic film are 
provided, so that each of the magnetization free layer 13F of 
5 a magnetoresistance effect film and yokes 20 is formed as a single 
magnetic domain by a magnetic field B due to bias generated by 
the biasing films 30, 30. Thus, the magnetic permeability with 
respect to a track longitudinal direction T in any portion of 
the magnetization free layer 13F and the yokes 20 is maximum, 
10 so that magnetization enters only in the track longitudinal 
direction T. In addition, the magnetic permeability on the 
track is maximum, so that only the magnetization on the track 
clearly rotates. 

FIG. 19(b) shows a magnetization distribution when a 
15 reflux current M remains to have the same intensity as that of 
a magnetic field B due to bias. In this case, the magnetization 
(arrows) of the magnetization free layer 13F and the yokes 20 
rotates as shown in the figure. At this time, the magnetization 
(arrows) is deviated from the cross direction of the track 200T 
20 in a portion deviated from the track 200T, so that the direction 
of a high magnetic permeability is not the track longitudinal 
direction in some place. At this time, there is some possibility 
that a magnetic flux F due to signal from an adjacent side track 
200ST may enter in a direction perpendicular to magnetization 
25 to generate a crosstalk to deteriorate off track characteristics . 
In other words, the magnetization distribution of the 
magnetization free layer 13F and the yokes 20 is changed by the 
magnetic field M due to current to form a magnetic permeable 
lens, so that the magnetic flux from the adjacent track also 
30 converges . 

In order to prevent the readout of such a converging 
magnetic flux from the adjacent track, the cross section of the 
pillar electrode 14 may have a shape of trapezoid as illustrated 
in FIG. 19(c). Thus, the magnetic flux F from the side track 
35 does not enter the active region 13A of the magnetoresistance 
effect film, so that off track characteristics are improved. 

In this case, when the direction of the magnetic field 
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B due to bias is +y direction and when the direction of the sense 
current Is is - z direction, the positional relationship is 
required so that the shorter side of the trapezoid is arranged 
on the side of +x and the longer side thereof is arranged on 
5 the side of -x. 

(Modified Example 7-1) 

If the shape of the cross section of the pillar 
intermediate non-magnetic film 13S in the modified example 1-3 
illustrated in FIG. 5 is the same trapezoid as that illustrated 
10 in FIG. 19 , off track characteristics can be improved. 
(Eighth Embodiment) 

When a magnetoresistance effect film is mounted on a 
planar yoke head, if the distance between the magnetization free 
2 layer of the magnetores istance effect film and yokes is shortened , 

5 15 the flow of a magnetic flux due to signal is smooth. If a 
r; vertically current applying magnetoresistance effect film is 

M- mounted, a bottom electrode is arranged therebetween, so that 

yf the distance between the magnetization free layer and the yokes 

5 is relatively long. 

20 On the other hand, this embodiment relates to a design 

ft! wherein the distance between a magnetization free layer and yokes 

E is decreased. 

yL FIG. 20 is a schematic perspective view showing the 

construction of a principal part of a magnetic head in this 
25 embodiment. Also in this figure, the same reference numbers are 
given to the same element as those described above referring 
to FIGS. 1 through 19 and 31 to omit the detailed descriptions 
thereof. 

If a bottom electrode 12 is arranged in a gap between yokes 
30 2 0 and 20 as shown in this figure, the distance between a 
magnetoresistance effect film 13 and the yokes 20 . Furthermore, 
a pair of biasing films of a magnetically hard film or an 
antif erromagnetic film for applying a magnetic field due to bias 
to the yokes 20 and the magnetization free layer 13F in y 
35 direction are provided in the front and rear sides in the figure 
although they are not shown in FIG. 20. 

In the construction of FIG. 20, there is a problem in that 
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the magnetic field due to current from a bottom electrode 12 
is applied to the magnetoresistance effect film 13 and the yokes 
20. For example, if a sense current Is is caused to flow through 
a pillar electrode 14 in -z direction, a magnetic field M due 
5 to current is generated in +x direction. 

On the other hand, if a top electrode 15 is arranged in 
parallel to the bottom electrode 12 as shown in the figure so 
that the sense current goes and returns, the magnetic field M 
due to current applied from the top electrode 15 to the bottom 
10 electrode 12 can be substantially ignored. 

However, the magnetic field due to current applied to the 
magnetoresistance effect film 13 is further increased, so that 
^ the magnetization (arrows) rotates particularly in the central 

C 1 portion of the element to have an x component as shown in the 

15 magnetization distribution of FIG 21. Since the magnetic 
M= permeability in a direction perpendicular to the direction B 

of magnetization in the biasing films 30 is highest, the magnetic 
M: flux entering the yokes 20 on the straight in the track 

!L longitudinal direction (x direction) from a magnetic recording 

=jj 20 medium is bent in the magnetization free layer of the 

^ magnetoresistance effect film as shown by arrows in the figure. 

fH That is , the "skew" is caused in the magnetic flux F due to signal . 

H 5 In view of this, if the shape of the horizontal cross 

section of the pillar electrode 14 is a parallelogram as shown 
25 in FIG. 21 and if the pillar electrode 14 is provided in a portion 
on which the magnetic flux F due to signal from the track 
concentrates, the active region 13A of the magnetoresistance 
effect film can be set at a sensitive place, so that it is possible 
to obtain a high output. 
30 Specifically, when the direction of the magnetic field 

B due to bias is +y direction and the direction of the sense 
current Is is -z direction, the four vertexes of the 
parallelogram of the horizontal cross section of the pillar 
electrode 14 are designed so that B(a, -c), C(a, b) and D(0, 
35 b+c) assuming that A (0, 0) as shown in FIG. 22. That is, the 
shape of a surface of the pillar electrode 14 contacting the 
magnetoresistance effect film has an edge portion which is 
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inclined from a direction perpendicular to the magnetizing 
direction of the yokes 20 toward the magnetization rotating 
direction of the magnetization free layer of the 
magnetoresistance effect film (sides DC and AB in this example) . 
5 In addition, the pillar electrode 14 is arranged so as to be 
shifted from the center of the magnetoresistance effect film 
13 in -y direction. 
(Modified Example 8-1) 

It is more effective if the shape of the horizontal cross 
10 section of the pillar electrode 14 or the pillar intermediate 
non-magnetic layer 13S (see FIG- 5) is combined with the seventh 
embodiment so as to be a shape having both characteristics of 
a parallelogram and a trapezoid. 

That is, when the direction of the magnetic field B due 
15 to bias is +y direction and the direction of the sense current 
Is is -z direction, the four vertexes may be designed so that 
B(a, -c), C(a, b) and D(0, d) (d > b+c) assuming that A (0, 0) 
as shown in FIG. 23. Also in this case, the shape of a surface 
of the pillar electrode 14 contacting the magnetoresistance 
20 effect film has an edge portion which is inclined from a direction 
perpendicular to the magnetizing direction of the yokes 20 toward 
the magnetization rotating direction of the magnetization free 
layer of the magnetoresistance effect film (sides DC and AB in 
this example) . In addition, the shape of a surface of the pillar 
25 intermediate nom-magnetic layer 13S contacting the stacked film 
13P or the stacked film 13F has an edge portion which is inclined 
from a direction perpendicular to the magnetizing direction of 
the yokes 20 toward the magnetization rotating direction of the 
magnetization free layer of the magnetoresistance effect film 
30 (sides DC and AB in this example). 
(Modified Example 8-2) 

The concept of this embodiment can be applied to the 
magnetoresistance effect film 13 wherein the intermediate 
non-magnetic layer 13S is formed so as to have a pillar shape 
35 as illustrated in FIG. 5. That is, if the pillar non-magnetic 
layer 13S is provided at a position as shown in FIG. 22 or 23 
so as to have a shape as shown therein, it is possible to obtain 



a high output. 
(Ninth Embodiment) 

When the bottom electrode is arranged in the gap between 
the yokes as the above described eighth embodiment, if the top 
5 electrode is arranged in parallel thereto and if the shape of 
the horizontal cross section of the pillar electrode is the shape 
shown in FIG. 22, it is possible to avoid the effects of the 
rotation of magnetization in the magnetization free layer, which 
is caused by the magnetic field due to current from a portion 
10 other than the pillar electrode. 

On the other hand, in this embodiment, a construction for 
preventing the rotation of magnetization caused by such a 
magnetic field due to current. 

FIG. 24 is a schematic perspective view showing the 
15 construction of a principal part of a magnetic head in this 
embodiment. Also in this figure, the same reference numbers are 
given to the same elements as those described above referring 
to FIGS. 1 through 23 and 31 to omit the detailed explanations 
thereof. 

20 In this embodiment, as illustrated in FIG. 24, a bottom 

electrode 12 and a top electrode 15 are taken out in a 
longitudinal direction of a recording track 200T to cause a sense 
current Is to go and return. Thus, the direction of a magnetic 
field M due to current applied to a magnetization free layer 
25 13F by the top electrode 15 and the bottom electrode 12 can be 
the same as the direction of a magnetic field B due to bias which 
is caused by a pair of biasing films (not shown) . Specifically, 
if a sense current is applied to a pillar electrode 14 in a -z 
direction, the direction of the magnetic field M due to current 
30 is -y direction. 

(Modified Example 9-1) 

In fact, for example, a current distribution shown in FIG. 
25 is formed in the top electrode 15 since the sense current 
Is concentrates on the pillar electrode 14. In this case, a 
35 current distribution in the opposite direction thereto is formed 
in the bottom electrode 12. Then, an annular magnetic field M 
due to current shown in FIG. 25 is generated in the 
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magnetoresistance effect film 13. 

In order to avoid this , the top electrode 15 and the bottom 
electrode 12 are provided current constriction regions 15a and 
12a, respectively, as illustrated in FIG. 26. These current 
5 constriction regions have a shape which is narrowed in the 
vicinity of the pillar electrode 14. Thus, as shown in FIG. 27, 
the current distribution does not concentrate in the vicinity 
of the pillar electrode 14 . For example, if a current is applied 
to the pillar electrode 14 in -z direction, the direction of 
10 the magnetic field due to current applied to the 
magnetoresistance effect film 13 can be generally -y direction 
as shown in FIG. 27. Furthermore, only one of the top electrode 
15 and the bottom electrode 12 may be provided with the current 
constriction region. 
15 (Tenth embodiment) 

As the tenth embodiment of the present invention, a 
magnetic reading system according to the present invention will 
be described below. The magnetoresistance effect elements or 
the magnetic heads according to the first through the ninth 
20 embodiments of the present invention can be incorporated in, 
e.g., a recording/reproducing integral magnetic head assembly, 
to be mounted in a magnetic reproducing system. 

FIG. 28 is a perspective view of a principal part showing 
an example of a schematic construction of such a magnetic 
25 recording system. That is, a magnetic recording and/or 
reproducing system 150 according to tenth embodiment of the 
present invention is a system of a type in which a rotary actuator 
is used. In this figure, a longitudinal recording or vertical 
recording magnetic disk 200 is mounted on a spindle 152, and 
30 is rotated in a direction of arrow A by means of a motor (not 
shown) which is driven in response to a control signal from a 
drive unit control part (not shown) . The magnetic disk 200 has 
a longitudinal recording or vertical recording layer. A head 
slider 153 for recording/reading information in the magnetic 
35 disk 200 is mounted on the tip of a thin- film-like suspension 
154. The head slider 153 has a magnetic head, which uses a 
magnetoresistance effect element in any one of the above 



described embodiment, in the vicinity of the tip thereof. 

If the magnetic disk 200 rotates, the medium facing 
surface (ABS) of the head slider 153 is held so as to be spaced 
from the surface of the magnetic disk 200 by a predetermined 
5 flying height. 

The suspension 154 is connected to one end of an actuator 
arm 155 which has a bobbin portion for holding a driving coil 
(not shown). On the other end of the actuator arm 155, there 
is provided a voice coil motor 156 which is a kind of linear 
10 motor. The voice coil motor 156 comprises a driving coil (not 
shown) wound onto the bobbin portion of the actuator am 155, 
and a magnetic circuit comprising a permanent magnet and a facing 
yoke which face each other so as to sandwich the coil 
therebetween . 

15 The actuator arm 155 is held by ball bearings (not shown) 

which are provided at two places above and below a fixed axis 
157, and is rotatable and slidable by the voice coil motor 156. 

FIG. 29 is an enlarged perspective view of a magnetic head 
assembly in front of the actuator arm 155 viewed from the side 

20 of a disk. That is, a magnetic head assembly 160 has an actuator 
arm 151 having, e.g., a bobbin portion for holding a driving 
coil, and a suspension 154 is connected to one end of the actuator 
arm 155. 

On the tip of the suspension 154, a head slider 153 having 
25 a reading magnetic head using any one of the above described 
magnetoresistance effect elements referring to the first 
embodiment through the ninth embodiment is mounted . A recording 
head may be combined therewith. The suspension 154 has a lead 
wire 164 for writing/reading signals. This lead wire 164 is 
30 electrically connected to the respective electrodes of the 
magnetic head incorporated in the head slider 153. In the figure , 
reference number 165 denotes an electrode pad of the magnetic 
head assembly 160. 

Between the medium facing surface (ABS ) of the head slider 
35 153 and the surface of the magnetic disk 200, a predetermined 
flying height is set. 

FIG. 30(a) is a conceptual drawing showing the 
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relationship between the head slider 153 and the magnetic disk 
200 when the flying height is a predetermined positive value. 
As illustrated in this figure, in usual many magnetic recording 
systems, the slider 153 including the magnetic head 10 operates 
5 while flying at a predetermined height from the surface of the 
magnetic disk 200. According to the tenth embodiment of the 
present invention, such a "flying traveling type" magnetic 
recording system can also read at low noises with a higher 
resolution than conventional systems. That is, by adopting any 

10 one of the above described magneto resistance effect elements 
referring to the first embodiment through the ninth embodiment, 
weak magnetization information from a track to be read can be 
surely read. That is, since it is possible to reduce the cross 
talk from adjacent recording track, it is possible to reduce 

15 the track pitch to greatly improve the recording density. 

On the other hand, if the recording density further 
increases, it is required to lower the flying height to glide 
the slider nearer to the magnetic disk 200 to read information. 
For example, in order to obtain a recording density of about 

20 40 G (giga) bits per one square inch, the spacing loss due to 
the flying of the slider is too large, so that it is not possible 
to ignore the problem of the collision of the head 10 with the 
magnetic disk 200 due to the very low flying. 

For that reason, a system for traveling the slider while 

25 positively causing the magnetic head 10 to contact the magnetic 
disk 200 is also considered. 

FIG. 30(b) is a conceptual drawing showing the 
relationship between such a "contact traveling type" head slider 
153 and the magnetic disk 200. The magnetic head according to 

30 the present invention can also be mounted on the "contact 
traveling type" slider by providing a diamond-like carbon (DLC) 
lubricating film on the contact surface to the medium. 
Therefore, the "contact traveling type" magnetic reading system 
illustrated in FIG. 24(b) can also greatly reduce crosstalk from 

35 adjacent tracks to greatly reduce the track pitch in comparison 
with conventional systems to stably carry out a 
recording/reading operation in a medium having a higher density. 
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As described above , referring to the accompanying 
drawings, the present invention has been described. However, 
the present invention should not be limited to those described 
in the respective examples. 
5 For example, the material and the shape of elements of 

the magnetic head should not be limited to those described in 
the respective examples, and the present invention can include 
all embodiments , which can be selected by persons with ordinary 
skill, to provide the same effects, 

10 The magnetic reproducing system may be a reproducing only 

system or a recording and/or reproducing system. In addition, 
the medium should not be limited to a hard disk, but it may be 
any one of all magnetic recording media, such as flexible disks 
and magnetic cards* Moreover, the magnetic reproducing system 

15 may be a so-called "removable" type system wherein a magnetic 
recording medium is removed from the system. 

As described above, according to the present invention, 
it is possible to to provide a magnetoresistance effect element 
capable of precisely defining the active region of an MR film 

20 in a CPP type MR element and of effectively suppressing the 
influence of a magnetic field due to current from an electrode, 
and a magnetic head and magnetic reproducing system using the 
same. Therefore, it is of great advantage to industry. 

While the present invention has been disclosed in terms 

25 of the embodiment in order to facilitate better understanding 
thereof, it should be appreciated that the invention can be 
embodied in various ways without departing from the principle 
of the invention. Therefore, the invention should be understood 
to include all possible embodiments and modification to the shown 

30 embodiments which can be embodied without departing from the 
principle of the invention as set forth in the appended claims . 



